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REMARKS 



Claims 1-7 and 16-2 2 are pending. Applicants herewith 
amend claims 1-5, 16, 18 and 19 in order to better clarify the 
invention. No claims are added or canceled. No new matter has 
been added with the amendment. Thus, claims 1-7, 16 and 18-22 
are active in this application. Applicants note the Examiner's 
recognition that these claims are allowable over the prior art 
of record. 

In the Office Action at page 2, the Examiner states that he 
did not receive the abstract submitted with the Preliminary 
Amendment of August 27, 1992. In response, applicants herewith 
attach another copy of the submitted abstract. 

The Examiner also reminds applicant to update the continu- 
ation data in the first line of the specification. Applicants 
accordingly herewith amend the specification. 

The Examiner objects to the specification and rejects 
claims 1 and 4-6 under 35 USC §112, first paragraph, for the 
stated reason that the phrase "and AB heterodimer forms of 
platelet derived growth factor and also binds the BB homodimer 
with high affinity" is new matter because it cannot be found in 
the disclosure as filed. Applicants respectfully traverse this 
rejection and direct the Examiner's attention to Figures 8 and 
11 and the descriptions thereof in the specification. That is, 
Figure 8 shows that while both 6 PDGF and a PDGF receptors bound 
human PDGF, the pattern of competition by different PDGF isoforms 
distinguished the two receptors. For instance Uganda AA did not 
bind to the £ PDGF receptor but all three ligands AA, AB and BB 
bound to a PDGF receptor. Figure 11 shows that both AB and AB 
bind a PDGF receptor at high affinity but that cells containing 
B PDGF receptor had a strikingly lower affinity for PDGF AB. 
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Because the combined teachings of Figures 8 and 11 provide 
support for the recitation in claim 1, applicants respectfully 
request the Examiner to reconsider and withdraw this rejection. 

The Examiner rejects claim 20 under 35 USC §112, first 
paragraph, for the alleged reason that the disclosure is enabling 
only for claims limited to the DNA of claim 21. Specifically, 
the Examiner states that in order to enable the differential 
hybridization cited in claim 20, the sequence information for 
both of the cited receptors must be instantly enabled, which is 
not the case. Applicants respectfully traverse this rejection 
and point out that, at the time of the present applications 
filing date, the B PDGF receptor was known and characterized, as 
shown in Yarden et al., NaturB 323: 226-232 (1986), which is 
hereby submitted and listed on attached Form 1449. 

The Examiner has rejected claims 1-7, 16 and 18-22 under 
35 USC § 112, second paragraph, as being indefinite because, 
according to the Examiner, claim 1 recites "sequence" as if it 
were a composition. In response to this rejection, applicants 
herewith amend claims 1 and 3 to reword the claim language, 
thereby eliminating the use of the term "sequence." No new 
matter is added with this amendment. In view of this amendment, 
applicants request the Examiner to withdraw this rejection. 

The Examiner has rejected claims 2 and 3 under §112 for 
their recitation of "allelic variations." Applicants traverse 
this rejection but further submit that this rejection has been 
rendered moot in view of the amendment to claims 2 and 3 wherein 
the allegedly objectionable language has been removed. 
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CONCLUSION 



In light of the above amendment and explanations, 



applicants assert that the specification and claims meet every 
requirement under § 112 and that claims 1-7, 16 and 18-22 are in 
condition for allowance. Early notification thereof is earnestly 
solicited. Examiner Marschel is invited to contact the under- 
signed at (202) 672-5300 to discuss any matters related to this 
case. 



FOLEY & LARDNER 
3 000 K Street 
Suite 500 

Washington, D.C. 20007-5109 
(202) 672-5300 



Respectfully submitted , 





Registration No. 33,683 
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Structure of the rfpeptor for platelet-^pived growth 
factor helps define a family of 
closely related growth factor receptors 

* * a !? en "' J - A - W-J* Ktiang', T. L. Yang-Feng', T. <X Daniel' 
R M. Tremble, E, Y. Chen , M. E. Ando 1 , R. N. Harkins^, U. FranckeS V. A. Fried*! 

A. Ullrich* & T. Williams* 0 

^D^amnenu of Molecular and Developmental Biology. Genemeca, Inc. 460 Poiat San Bnmo Boulevard, South San Francisco, California 94080. 
PranSS cSotUMW USA** Dcpamnem ° f Cardiovascular Research Institute, Umvenky of California, Box 0724, S*a 

* Dtpaitracnt of Human Genetics, Yale University School of Medicine, PO Box 333, New Hivto, Cortnecncat 06510, USA 
r Pepanment of Biocbemigtry. St Jade Chi ldren's Hospital 332 North Lauderdale. MenphU. Tennessee 3SI03, USA 

The primary structure of the receptor for platelet-derived growth factor (PDGF), determined by means of cloning c cDNA 
that encodes the murine pnPDOF receptor, is dosefy related to that of the r>kit oncogene product and the receptor for 
macrophage colony stimulating factor (CSF-1). Common structural features tndude the presence of long sequences that 
interrupt the tyrostnespedfic protein kinase domains of each molecule. The PDGF and CSF-t receptors also short a 
characteristic distribution of extracellular cysteine residues. Ubiquitin is covalently bound to the purified PDQF receptor 
the human gene for wnicft is on chromosome 5. 



Several growth-atimElating peptide* and their respective 
receptors have now bee© identified and characterized. Although 
the mechanism by which these molecules regulate proliferation 
h unknown, some insight into their function has code from the 
discovery that they axe structurally and functionally similar to 
f evenl of the retroviral oncogene products. Through these com* 
pariaons specific functional domains of several of the growth 
factor weptors can be identified For example the receptors for 
insulin 1 ' 2 , macrophage colony-stimulating factor (CSF-1)\ and 
epidermal growth factor 4 have, in their amino add sequences, 
recognizable domains for tyrosine-specinc protein kinase, an 
activity that is a sso ciated with both proliferation and transforma- 
tion of cells*. 

One of the known growth factors, platelet-derived growth 
factor (PDGF), specifically stimulates the proliferation of 
mesenchymal celts. PDGF is similar to insulin, insulin-] ike 
growth factor I, and epidermal growth factor in ttftmilating 
tyrosine kinase activity*-*, but it is distinctive in its ability to 
act early in the transition from the quiescent state to G x and to 
facilitate the subsequent actions of other growth factors 10 . It 
also stimulates a number of growth associated responses such 
as cytoskeietal rearrangement 11 , turnover of phosphatidy- 
linositol , and enhanced expression of a family of genes includ- 
ing the c-myc and c-/<w proto-onoogenes"- 14 . The first step in 
activating the cellular responses associated with PDGF-induced 
mitngenests is the interaction of PDGF with its 180 kDa cell 
surface receptor 1 *-". The receptor is also required for the trans- 
formation of ceils by the simian sarcoma virus oncogene, v-m, 
which encodes one of the two polypeptide chains of PDGF 0 ! 
To gain insight into the mechanism by which the PDGF receptor 
mediates the responses to PDGF, we purified the receptor, 
determined amino acid sequences of portions of the mofrmlt, 
and deduced the complete amino add sequence of the receptor 
from a full length cDNA done. In addition we determined its 
chromosomal position in the human genome. 

Receptor purification and sequencing 

The PDGF receptor was purified from BALB/o 3T3 cells in its 
activated form which is phosphorylated on tyrosine residues 6 "*. 

L^T" ^i^i D S P ^ mcnt of Pro*™ Chemistry. Triton Bio- 
taences IncL, Alameda, California 94501, USA. 

To whom reprint requests tfiouid be addressed. 



The purification was based on sequential affinity chromatogra- 
phy steps using immobilized wheat-germ a gghihniff and ami- 
prjosphenyrosine antibodies (see Fig. 1 legend), procedures that 
were modified from those used previously to purify analytical 
quantities of PDGF receptor 20 . In PDGF-stimulated cells the 
predominant tyrosine^osphorylated protein that is recognized 
by ariphosphotyrosinc antibodies is the PDGF receptor* J0 . 
Thus the progress of the purification could be followed by 
Western blot analysis using polyclonal antiphosphotyrosine 
antiserum (Fig. la). By this approach the receptor protein was 
purified to near homogeneity as assessed by Cromassie stain 
(Fig. 1 b) or by silver stain (not shown). An estimate of the extent 
of the purification was 4000-fold based on the intensities of the 
aatir^ospnetyrosine antibody Western blot signals. By this pro- 
cedure approximately 400 |Lg of receptor was purified from 2,000 
roller bottles of BALB/c 3T3 cells with an overall yield of 20% . 
Prior to sequence determination, the eluate from the anriphoe- 
photyrostne antibody column was applied to a preparative SDS 
polyacryiamidc gel and the receptor was eluted from the 180,000 
(1S0K) M r region. 

Two independent receptor preparations (40 and 130 
picomoies per preparation) were used for determination of the 
N-terminai amino-acid sequence of the receptor. In both cases 
there were two distinct phenyi-thio^ydantoin (PTH)-conju- 
gated amino acids at each cycle of Edxnan deflation and 
these were present in approximately equimoiar amounts. One 
of these sequences was identical to the amino terminal sequence 
of ubiquitin 33 and the other sequence (Table 1) represented the 
amino terminus of the PDGF receptor (see below). To determine 
internal sequences of the receptor, four independent trypsin 
digestions of the protein were p e rformed on three separate 
preparations. A total of 29 peaks isolated by HPLC were ana* 
lysed by amino-acid sequencing on a gas phase sequencer. Of 
these, 15 peaks contained hom oge neous peptide species. The 
sequences of these peptides are presented in Table 1. One of 
these peptides, peptide 2, was isolated independently from each 
of the four tryptic digests and another, peptide 3, was isolated 
independently from two of the digests. Peptide 7b was found 
to overlap with peptide 7a, possibly the result of an abnormal 
tryptic cleavage after a glutamine residue. Thus the experi- 
mentally determined sequences were derived from ten indepen- 
dent internal peptides and from the amino terminus of the 
receptor. v _ ^ _ 
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fill a, Aati|moiphoryTOsme antibody Western blot ansrysv oi 
fractions from purification itcpt. ABquots from the following frac- 
tions of the purification procedure were analyzed by ipfc~- 
prjotyroslne antibody Western blot lane 1, lOOug tfccll ryrw 
protein; lane 2, 100 ml* of flow through fraction of wheat gsrm- 
aggletinin tcpbarosc cojomaiDgrsphy*, lace J, 1 ug of proteta 
eiuted from wheat germ aaalotutia tepiuross; taiie 4\ 1 |ig of now 
through fraction of tmiphoaphotyroaWiepogme dmmttgn- 
phy; hoe 5, 200 ng of receptor protain spemfieally eiuted from 
antipbotphotyitmne sepharose. a, Coomaisw stain of purified 
FDOP receptor (Une R). An aliquot (200 ng) of the elated receptor 
faction rua in Use 5 of Fig. U was analysed by Cocntassie stain 
of a 73% poryacrylamidc get 

M i t ho sj . BALfl/c 3T3 ecus grown in relter bottlca wore incobated 
with 5 nM PDGF for 3 h at 4 *C and were then selubifecd in cold 
Tris-butfered Triton X-100 (20 ml per bottle) containing 100 uJrf 
sodiem mmvanadate, 50 mM sodium chloride, 5mM 6DTA. 
10 mM Trit-HO ipH 7.4), |% Triton X-100, 1 mM phenylmemyi. 
sulphonyl fluoride and 1 mgmT 1 bovine aerum aibuinm. Tbe 
lytatetwmeentrtfegod at 39^000 f fori bat4^aodfupemataati 
were added stowry to a 30 ml column of wrjest*germ f i i i tfiiJii 
counted to Setmsroso CL-4*. After waehi&g with 10 eolttma 
volumes of timTrhvbufiered Triton idution the colusin was elated 
with 120 ml of 0.3 M Necetyl gluceeantioe in TrWmflexed Triton. 
The eiuatci were dilated to the original ▼olunte and added to t 
5 ml column of immobilised antiphoaphetyrosine antibody*** at 
t flow rate of 30nlh" f at 4*C. The column was sequentially 
washed with 10 column volume* of TVis*bu0ered Triton without 
aJrjumm, and with Tra-buffered octyl^i>*hicoside (20 mM oetyl- 
0-D^fuoostdc titbsrirutc for Triton). Ph oip hotyro«int-<3rauloi^ 
proteins were specifically elated with a buftar containing 40 mM 
poc^rAotphate, 3.3 mM TnVHQ {fH 7.4), 30 mM Ned and 
20 mM octyt^D^hiceside. Fraction from each step were applied 
to 1S% SDS^iyacryiemidc gels, and tnnafcrred to a oitroccl- 
luleee filter which was tequentiaJly incobated with antipnes- 
photyrowae antibody and radiolabeled goat anti*rabba antiserum 
to detect the phosphotyrosine-contaitting proteins 21 . For "n*tw 
add sequence analysis, the purified fractions from the antf-phes* 
photyrosine ■cpharote column were ooacentnted, reduced, alky- 
lated by ledacetandde treatment" In the presence of lithium 
dodecyl smlphate and were further purified^ prapaiatm SOS gel 
eleoiropttoresis followed by clectrodutioir". The overall yield of 
purified receptor was approximately 20% (Q.5-1.0 pg of receptor 
per rotter bottle). * 



PDGF receptor cDNA sequence 
A pool of 128 39-base oligonndeotides (Fig. 2 legend) was 
lynthesged baaed on the sequence of peptide 2, and used to 
screen digo{dT>primed cDNA libraries prepared from mouse 
placenta and cultured NRej mouse fibroblaats 23 . Thirty-six 
strongly hybridizing clones wore selected: 17 from the mouse 
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ExpenmeouOy attefeueed peptide iHWieiw ef the fOGF feeqxar. Purified 
HXffieonjww«»tlcctre«|ut»dft^epiiWeieilii SDepor*wJrrU«tkked(«»< 
Hg. I kaeed), preopceted^. aed diswWJ vim rypwa. T)m diatetioi 
wew ftacteeted oe a mmm pee* C U eolema (1J0T-TSK* UB) < 
whh agmdieot of et«onmu« taO.1% tri twraoatk add. Ptpdbe I 
seeutBOBd by tatcirmtrd Edmaa eV^redrtioa oo a gat phaea tegmeaoir (Ajyphed 
«n i j etiBM ) udag the C3N VAC inognm ead iiteiiiiMi j'lTn eeeveniee 
ntntrrrj Tit mi mirMn xrrn llniiTTf)s1 mil f|innliiml aawi 1 1 jiau imr 
colana preeadore dmuar to that dcacrieed by iraeeaeOlar^TTotal net yields 
wew oUcotcted at tech cycte after osneete for wMkgreeed. Tha teeevcriei 
bawd on d etenttinan e n ef rTH-amino ados ne ahowa. The rtpetovt yidm m m 
ealeelatad by ti&eer ie«re«dea eear^ 

cwae iai ng striae, tattooes, bJitidioc, tod qntetoc The i tp o Utha yietee wtrv 
9^97%; Ths peedds seoeeaon shew^ 

pieearaneea and Unt h dept e de ut dejewjeea. The rtartiog awouiia of PDGF 
rccepmr prior to d^eojdon were: piuyauslua i, 130 pant rhu 20S|eaot; lib, 
ejpmoi: and 111, SOpmoL N4erannal sequaeni aaabwa was eermened oa the 
ietaot resaptor (pevpueboe A, 130 pool, pteeefattes aV 4f pawl). Reddae* «rt 
tMficnrt by itagte letter aatteo add ooo^R^da«Hke^m^tataatoos«l^ 
ete eadoeei by peiemheen. X indicatai mat eo refidne eoald be idcttiaed. The 
poddee ef ceeh nombefid peptide la 0*e pewfteted oDNA i 
by die ouaben watda die tmaU square* la Fig. 2. 



pUcema library (denoted A-MP) and 19 from the NR6 library 
(A-N). To establish that we had isolated PDGF receptor cDNA 
sequences, two BOO bp clones (A-N14 and A-MP6) were se- 
quenced using the dideoxy nucleotide chain termination pro* 
cedufe 34 ** Tne open reacSng frames of the two clones over- 
lapped for 354 nucleotides and included a sequence that coded 
for the peptide used to design the oligonucleotide probe. These 
dories hybridized to the other 34 denes. Tbe largest done, 
A-N16, contained a 5J2 kilobase (fcb) insert which was potentially 
large enough to encode the PDGF receptor. To confirm the 
identity of the done, two additional oligonucleotide probes were 
synthesized baaed on the sequences of trypbc peptides 7a and 
S (see Fig. 2 legend). As e xp e ct ed , both probes strongly hybrid- 
ized to the A-N16 done. 

The complete nudeotidc sequence of the doned cDNA insert 
In the A-K16 done extends for 5,1 10 nudeotidee, and is flanked 
by a poly( A) sequence at the 3' end (Fig. 2). Ah open reading 
frame of 3,327 residues (nucleotides 106-3,432) is flanked by 
105 micleotidee of 5^untranslated sequence and 1678 nucleo- 
tides of y untranslated sequence. A pclyadenylation signal 
(ATTAAA) 17 nucleotides upstream from the poly(A) sequence 
is found at the 3' end o f die cDN A. Tbe first ATG codoa, f oun d 
in tins open reading frame at position 139, mstches the consent us 
sequence for a translation Initiation site 97 . A 17*amino-add 
sequence that is homologous to the experimentally determined 
antino-terminal sequence of the purified PDGF-receptor protein 
(Table 1) begins 32 amino adds downstream from tbe initiation 
codon. Sev enteen of the eighteen exftcrunctitaUy determined 
amtao-ternttnal residues matched tbe sequence predicted from 
the cDNA (Fig. 2). Thus the leucine residue 12 amino acids 
from the first ATG codon is the amino terminal residue of the 
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F%.2 Nucleotide sequence and 
deduced amino-itdd sequence of mouse 
ppe-FDGF receptor cONA. Ofigonu* 
deotide probes based on peptides 2, 7a, 
and « (Table I) of the POOF receptor 
were symhesized. The DNA sequences 
were designed on the basis or published 
codon usage frec^andes 59 * 60 . Fufl- 
tength oHgorardeotides (peptide 2) or 
overlapping partial otigonudtotides 
(peptides 7a and 8) rtom coding and 
noneodiag ; strands were chemically 
. synthesized* 1 . The probe sequences for 
peptide 2 included ail possible codon 
combinations for amino acids with two 
•J*^ 1 ^* codons. Other codoos f or this 
probe and for probes corresponding to 
peptides 7a and 8 were predicted on the 
bats of codori usage statistical data. The 
•oreeaing of cDNA libraries and selec- 
tion of donas is described in the text 
The complete sequence of the A-N16 
okmensfeown in this figure. Nucleotides 
•it numbered at the left Amino tats 
•re numbered over the tine starting at 
Uoi of the receptor sequence, and pre- 
ceded by a 3 1 amino acid signal peptide, 
fer^io* sequences derived from purified 
receptor preparations are underfilled 
and numbered according to Table 1 
Potential shea of N4infced glycosyUtion 
•re overtiaed. The putative single trant- 
membrane regkm is demsreated by a 
black bar. The ATTAAA boa dose to 
the pcryadenytated Tend of the cDN A 
b uaderimed. 

Mssaads. Synthetic probes were radio- 
labelled by S'-eud phosphorylation 63 
using T4 polynucleotide kinase (PL Bio- 
dteaioftJs) and [r-* a P]ATP (Arnersham 
> 5.000 Q mmol 1 ). Synthetic probes 
eotrespoiHing to peptides 7a and • were 
farther labelled by filling in the com. 
plemenuuy sequence using Escherichia 
cef DNA polymerase 1 (Kieoow frag, 
gem, rkwhringer-Maimbeiin) and fa- 
"FJdCTP and [«. M P]dATP (>5,0QT> a 
minor 1 , Ameighgm). The resulting 
ncHoUbelied oligonucleotides were sep- 
arated from ratfionudeotida by gd 
BtearJoa through Sepharose O-S0 (Phar* 
meca). This procedure yielded specific 
•etrdties of 3-oKl0"cp.m. per *g. 
Tool poly(A><«raUnrng RNA from 
cultured moaae NR6* cells and mouse 
placenta was prepared by the guanidine 
thiccyanate-lia method* 4 followed by 
peasagesthrough an oligo(dT)-celhilose 
column 0 . A done library was construc- 
ted as desenbed* 6 nsing the A gtl 0 vector 
system (Vector) and was screened by 
hybridizatkm to the radiolabeUed 
oligonudeotide corresponding totxyptic 
peptide 1 Hybridization to the A-phage 
containing nitrocellulose filters was car- 
ried out at 40 «C for 16 h under low strut- 
g^ conditiofu; 20% formamide. 5x 
SSC (lxSSC = l50mM Nad, 15 mM 
Na 3 citrate). Nudeotide sequence anaiy- 
ds was carried out by subdoning of 
restriction fragments of A-N16 recom- 
binant phage done into Ml3-based clon- 
ing vectors followed by pruned DNA 
symheds on riogle-stranded DNA tem- 
plates in the presence of dideoxynudeo- 
tide triphosphates 24 ^. 
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2rtL SSS^Ki* ^•"WmRNA by Northern blot 
Mtlyw Tottl poMAJ^Mtaia^g rna was isolated froachured 
huBu.kinJbrobjuu (o). A4SI ceUs (6), and NR6 none fibro- 
< ^^^»i*^«-^ocy«»ie.Ua method of 

™!2?*!S'^J fce fn« NJU celli wm. re -<*nKWU>- 
gn^etf on oUgo(dT) cellulose. RNA (4 w) was heated for 10 min 
i" . of foimaimde and fonnaMchyde and then 

wfc^toefear^omHon. agannegd which coined 
rorDMMehyd« H . After trnufer to nitrocdlutose the samples were 
hyondiaed « 42 «C with mck-ttamlated" A-N16 cDNA {mart 

« ^ P"™' R «- 2 > in ** rormamlde, SxKC and 
50MmT demttured talmon sperm DNA. Th. filun wm thm 

»2* C » "» tmea«fyin| wr»n. Calf thyimu ribooaul 
RNA wa* used at a stee standard. (4,71*. bp and 1.874 bp). 

mature PDCF receptor. The amino add residue* between the 

toS^^^flXT** 0 tennina » of P«>tcin are 

njwrophoblc and likely represent the signal peptide sequence 
necessary for transport of the nascent pre-POGF receptor pre- 
cursor into the lumen of the endoplasmic reticulum 4 *- 111 

rJ^^ X £ e I^!!?f Uy <U *f» iM <* •■»«» »cM sequence*'* the 
*« tryptk peptides could be located in the predicted amino 

rf^??,^ ^.reading frame of the cDNA insert 
ofdone A-N16. The peptide sequences matched the cDNA- 
denved amino add sequence for all 120 experimentally deter, 
mined amino acids except for residue 12 of peptide t which 
wa« identified to be phenylalanine hot predicted^! the cDNA 
to be arptune. The cDNA sequence also predicted the tryptic 

£2?.£ ,to «V ie f 11 " 0 lenatoi of tte Pepodes. Taken 
i findm8 * ,how ,hat »he dotted cDNA insert in the 

tormR^* ^epre,c^t, codin « eequence of the PDGF recep- 

ln addition to the signal sequence, the deduced 1098 amino 

Si fifi? 8CqU ' nCe ooatain8 f"»»r" characteristic of 
" rfa< * apoprotein receptors. These include a stretch of 
» nyarophobic amino acids cfaaracterinic of a membrane- 
sj^^domam" (underlined by a Mack bar in Fig. 2), which 
isflanked at its carboxyl side by a basic sequence typical for 
« J"™**? between tb* membrane and cytoplasmic domain* 
of cell surface receptors'^-", fifteen consensus sequences 
for a^uagme-hnked glycosyiation (/^X-Ser/TnrHre d£ 
tabuted with a preferecce for the amino-terminaJ and pnaum- 
^•""•U^Uf of the sequence (11 potential sites). Nine- 
teen cysteine residues are found distributed over the pre-POGF- 
receptor sequence (boxed type in Fig. 2). 

Slagle receptor oRNA 

l d E!! ! SiZe °I PDGF tte ^ tot "WA, Northern 
in^^^f ° «P« ri «=«"« were carried out using the cDNA 
S^ i Jr " h yWdu»*» probe. Figure 3 shows 
mat a single band is viiuaiized in cytoplasmic poIy(A)* rna 
of NR6 mouse fibroblasts, in comrastto muldpTe^RNA species 
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Rg.4 Amc^dicsripMc silver gran tfktrtMtfton along chiomr> 
•one 5 after m »a# hybridization with A-N16 cDNA tnen 
(ideogram from 1SCN 1985)* 7 . The methods haw bean described* - 
Bracket* on the left mark the published locsibaiio&s of the see* 
for GM^SfW and fm^Hp^c ^^ub^kt^ 
SqflZ iodkaies poskion of PDOP notpttr (oats. > 

reported for other receptor tyrosine ionises such as EOF and 
itttvfio receptora ia> . This single mRN A speciei is s^praiimttely 
5 J kb in size, indicating that our cloned cDNA representi most 
if not all the messenger RNA encoding the moose pre-PDGF 
receptor. 

? n 7? > L °. f n™*, 1 ***** and c«41 (dm not shown) 
relatively high levels of the 13 kb oRNA species wan found 
m kidney and placenta, and lower levels were detected in brain 
and testes. Likewise, all 3T3 mouse fibroblasts tested contained 
a similar band. However. 3T3-L1 adipocytes contained only 
20% as much receptor message as TH-Ll fibroblasts, and NR6 
cells contained only 3<M0% as much as BALB/c 313 fibroblasts. 
High IeveU of PDGF receptor m RNA were also found in PDOF- 
respontive human foreskin fihrobiasts, but not in human spider* 
^carcinoma A431 ceils which are known to be devoid of 
PDGF receptors* (Fig. 3). Human term placenta and a 16-day 
mouse placenta contained elevated levels <2-<Mbld) of PDGF* 
receptor ro RNA when compared with mRN As from earlier stage 
of pregnancy (20th-week human placenta and lOtb-day mouse 
placenta). 

Chromosomal location of PDGF receptor 

The chromosomal location of the human PDGF receptor gene 
was determined by in situ hybridisation of the 5.2-kb mouse 
PDGF receptor cDNA fragment (A-N16) to dnmosome pre- 
paration.. Of 120 cells analysed, 26 (22%) had tflver grains on 
bands (5q31 5q32) accounted for 10% (26/259) of total grains 
scored. No other chromosomal site was labelled above back* 
twttnd This location of the PDGF receptor gene is between 
the loci of the granuIocyte*macr^hate colciiy-stimalatnia fat> 

Southern blot analysis of DNA prepared from ten human x 
Chinese hamster somatic cell hybrids confirmed the localization 
of the PDGF receptor gene to chromsome 5. The hybrids carry- 
ing human chromosome 5 all contained the 73-fcb human- 
specific J/widHI fragment and a 2.6-kb human fragment visible 
after longer exposure (not shown). Three fragments, 17 kb 
931* and 23kb, were present in Chinese hamster DNA and 
tn ail hybrids. Chromosome 5 was the only human chromosome 
that showed perfect concordance with human PDGF receptor 
lequences. Every other human chromosome could be ruled out 
by at least two discordant hybrids. 
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d» Comparison of the amino acid 
sequence of the extracellular domain of the pre- 
PDGF receptor with the sequence of o/my/CSF- 
1 receptor*. The predicted extrxcdtuiar amino- 
terminal halves of both proteins an aligned and 
gaps are introduced for optimal alignment The 
putative signal see^enoss are included in the 
comparison. Clusters of conserved amine acids 
between the proteins are boxed and all cysteine 
residues are shaded. Amino acid numbers ate 
grven preceding each line of sequence, Levi of 
FDGF receptor is the experimentally determined 
amiac-tcriaina* of the protein. As the precise 
location of the ainmo-cerotmai of the cjms pro- 
tein is still unknown, the numbering of c-jmi 
starts at the initiation niatldonine^.o.Cott^arison 
between the cytoplasmic comain of PDOF recep- 
tor and other tyrotioe tiaases. The prodtetad 
amino add sequence of FDGF receptor is com- 
pared with that of the dosefy related genes, ©- 
/nr/CSF-1 receptor 4 and v-ter". The seqaence 
of the c-src gent 9 is ahe included for com- 
parison. Only the cytoplasmic sequences of 
PDGF receptor and c>tt/CSF-l receptor and 
portions of the respective rjinmemfarane 
domains (underlined) are aligned. Residue* 
which are identical in PDGF receptor and other 
genes are boxed. Gaps, shown by hyphens, were 
introduced for optimal alignment- Asterisks 
demarcate residues thought to be involved in 
nucleotide binding. The open arrow indicates the 
conserved tyrosine acceptor she tumxtfogous to 
Tyr416 of ppcXT*** 



Discussion 

The 180 K protein which we have identified as the PIX3F recep- 
tor hag tyrosine kinase enzyme activity 30 and is the same sice 
and has a similar iaoelectric point as the PDGF receptor ides- 
titled by ^I-PDOF cr©*4-liiik1ng experimema ,> ' l ^ In overall 
structure, deduced from the cDNA sequence, b oonsistent with 
Chat of a receptor and includes a transmembrane ^main, a 
tyrosine kinase domain, and potential sites for N-linked glycosy- 
late on to the e^cetMarckmiain, la previous studies we showed 
that high affinity «I-Pr»F binding copunfies (10,000-fold) 
with this protein 9 . The protein and its message are present in 
cells known to respond to PDGF and both are absent from cells 
that are uttresponeive (Fig. 3). The yield of PTO-amino acids 
determined in the seqaence analyses of the amino terminus 
and the internal peptides, suggests that the sequences are t in 
nict, from this protein and not from a minor contaminant (see 

The protein product predicted by the cDNA done would 
have an apparent M, of 120 K after removal of the signal 
sequence. In recent experiments we have shown that glycoaidasc 
treatment of biosynrhetJcaliy labelled PDOF receptor removes 
stahc acid and N-linked oligosaccharide moieties and causes a 
30-40 K decrement in apparent molecular weight (T.D. *t oi, 
in preparation). Other post-translational modifications such as 



addition of O-linked oligosaccharide, ubiquitin, or phosphate 
groups may contribute to the remainder of the difEerence 
between the apparent weight and the predicted weight 

inspection of the predicted primary structure of the PDGF 
receptor reveals structural features common to other cell-surface 
receptors for growth factors (Fig. 5). These include a single 
stretch of predominantly hydrophobic amino acids (residues 
500-534) capable of serving as a transmembrane anchor 
seqaence, an amino-terminal extracellular domain (residues 1- 
499) that should contain the ligand binding region (Fig. Jo) and 
an intraoeUular domain (residues 525-1,067) carrying the enzy- 
matic phosphotransferase activity (Fig. 5b). 

The PDGF receptor tyrosine kinase domain, which can be 
identified by homologies with the transforming proteins of the 
ire family of tyrosine kinases 1 - 5 , is divided into two distinct 
regions (residues 572-662 and 767-919) separated by a 104- 
ammo-acid sequence (residues 663-766) that is unrelated to 
known tyrosine kinase sequences (Fig. 56), Inserted sequences 
that interrupt kinase domains at analogous locations of the 
▼-Aw* c-Zro 3 and v-idr 19 genes have been recently identified. 
Notably the insertion of v-kit shows significant homology with 
the insertion of PDGF receptor (24 identities out of the 79 
residues of the insertion of v-ttr) as compared with only six 
identities between the somewhat shorter insertion of c-/mj/CSF- 
1 receptor and PDGF-receptor. All three insertion sequences 
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5* T) »P 0 >opc^ comparison of the two groups of tyraine- 
™*« : [«5 t <" and tbdr oncogente virttmt. AJ proteins shown 
are onemed so that tiwir carfeaxy-tennini are in the cytoplasm* 
Hatred boxes indicate regions that att rich in cysteine residues. 
Protein domains that share high homology with other tyrosiae- 
Jdnajes of me sre gene family are shown by stippled boxes. Solid 
lutes show stretches of seqvences insetted within the tyrosme- 
kinase regtonsof FTXrF receptee and v-eitTte 
of cysteine residues in the extracellular domains of KX>F-reoeptor 
and c-Zmi/CSF-l receptor is indicated by dosed codes, whereas 
batoned boxes show cytteine-rich repeat domains found fa the 
extracellular- m^md-btnding regions *f EOF receptor; insulin 
reoepsoT, and HER2/MIL 

ate relatively bydropfeilic Considering its position, the inserted 
sequence nay play a role in cytoplasmic substrate binding or 
in atodalation of kinase activity. 

The expected tyrosine kinase landmarks are found in the split 
PDGF receptor kinase domains. The aatino^errainai kinase 
domain (residues 572*662) contains residues which are thought 
to be involved in formation of the nucleotide binding site includ- 
ing Lyt^and a Gly-X-Gly-X-X-Gly sequence* The sequence 
of this region (residues 572-662) it highly homologous with 

tt ?? b ^f f ? e family cf closest match being 

c£u (68% homology) which is thought to be the receptor for 
CSM \ The second kinase region (residue 767-919) contains 
most of the conserved kinase sequences, including the 
homologous sequences surrounding the major she of autophos- 
phoryiatioa (Tyr 416) of ppeV* * 

Other portions of the POGF receptor sequence, in addition 
to the kinase domains, show striking homology to the c- 
/mj/C5F-l-rec*ptor sequence. The extraceUular domains have 
a very similar pattern cf cysteine distribution (Fig, 5a) and have 
a 30% sequence homology which is due mainly to short con- 
served sequences and conservation of all of die cysteine residues. 
Significant homology (34%) is also found in the stretch of 47 
amino adds (residues 523-371) between the transmembrane 
region and the kinase otautin (Fig. 56). The two kinase domains 
of the PDGF receptor are the most homologous to c-ymr/CSF-1- 
rcceptor sequences (72% and 64% respectively). The sequence 
that interrupts the kinase domain (residues 663-766) and the 
M&amino-acid carboxy-termtnal region of the PDGF receptor 
are the least homologous to the corresponding c-/mr/CSF-l. 
receptor regions (8% and 13% respectively) (Fig. 3a). Taken 
together these findings chow that the PDGF receptor and the 
c-/mj/CSF-l -receptor are closely related, both in general struc- 
tural features (cysteine distribution, location of kinase domains 
and presence of insert regions) and in specific sequences. The 
intracellular domain of the PDGF receptor is also closely related 
to the sequence of the v-tt transforming gene of HZA feline 
retrovtrus (Fig. 56). This homology is apparent in both the 



tyrosine kinase aeq^^es (63% homology) and in the short 
region of v-kxf which is between the gag sequences of the viral 
fusion protein and the amino terminus of the kinase domain 
(53% homology). Thus the normal cellular homologue of the 
v-to oncogene may encode a receptor that is closely related to 
the receptor for PDGF and CSF-L 

Based on the structural features of the PDGF receptor and 
on the presented sequence homologies (Fig. 5) it is possible to 
divide the known receptor tyrosine kinases into two subgroups 
which are schematically depicted in Fig. 6. The first subgroup 
which includes the PDGF receptor, o/w/CSF-1 -receptor 3 , and 
the v-to protein 3 * (and its putative normal cellular homologue), 
is characterized by kinase domains with long insetted sequences, 
and in the case of die PDGF receptor and cjfcu/CSF»l~ 
receptor, a similar pattern of cysteine distribution in die extracel- 
lular domain. The other subgroup includes the EGF receptor 4 , 
the insulin receptor 1 - 2 as well as HER2/iten oncogene 4 *- 4 *, which 
is thought to be a receptor of an as yet unidentified tigaad. Their 
common structural elements include partially homologous 
extracellular domains with characteristic cysteine-rich regions 
and uninterrupted intracellular kinase domains (Fig, 6). It is of 
interest that unfike insulin and EGF, both PDGF 4 * and CSF-1 47 
are dtsulphide-Unked dimeric molecules. Whether the structural 
similarity of these ligands is related to the structural similarity 
of the receptors remains to be determined. 

A striking finding in the experimentally determined PDGF 
receptor sequence was the presence of two amino terminal 
sequences. One of these was the predicted amino terminus of 
the processed protein encoded by the cDNA done, and the 
other was the sequence of the 8.5 K peptide, ubt quitiiL The most 
likery explanation of these findings is that ubiqaitin is covalenily 
bound to the PDGF receptor, presumably through an amide 
bond between the carbon-terminal amino acid of ubiquhin 
and an f-amino group of a lysine residue of the receptor The 
role of this modification of the receptor is not known. Ubiquiti- 
nation of other proteins appears to pay a role in protein degrada- 
tion and specific ubiquitinattan of histories appears to be 
involved in transcriptional control 4 *- 50 . Recently Siegdman cr 
aL H have reported that ubiquhin is conjugated to the lymphocyte 
homing receptor, possibly in the extracellular domain. Thus 
there may be other surface molecules, posttty some receptors, 
that are modified by ubiquitinatiotL It is possible that lUs 
post-translational modification plays a role in signal transduc- 
tion or receptor processing. 

The human PDGF receptor gene n located near the gene for 
the c-^ns/CSF-l receptor protein. Acquired partial deletions of 
this region of cftuomosome 5 are found in a number of 
hematologic disorders 53 * 0 . Since the chromosomal breakpoints 
in these disorders duster in bands' 5ql3-»5ql5 and 5q31-» 
5q34"'", It is possible thai in at least some of these Dstienoi 
thttreare alterations in the PDGF receptor gene. Whether these 
alterations are functionally important remains to be determined. 
We thank Mark Yasser, Peter Ng and Parkash Jhurani for 
synthesizing the oligonucleotide probes, Lisa Coussens and 
Alane Gray for help in cDNA dosing, A It Frackelton Jr and 
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and Henry Rodriguez for operation of the gas phase amino add 
sequencer, and Jeanne Arch, Betty Cheung and Put Powell for 
typing the manuscript This work was supported by an American 
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Research Devdopment grant RR 05584-21 and the American 
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Infrared point sources aligned 

wnVi the SgrA* noa-thennal radio source 

W. A. Stetat 4 W. J. Forrest? 

ISS^J^^ 6 ? SpUe Sdenra «. C-01 1, Univmity of 
CtffanM, Sm Diejo, U JolU, CaHlbraU 9J»3, USA and School 



K^oWwrwtiw^ fam mmlci poiot naren at wmkigtin 

cow ptt — ■ ttwnn i l radio aaans SgrA* la taw galactic ecatrc 
T»e nnikM »ua aata Wlotc Outt tho two aotat oaama 

9B4B9* alC A ft)Ot 3atSr aUntkanaaaialJ law m rtiirnai n tl * - ■ j a a^ ^ 



******** wnmwieihymu 

*■ object at tbt ftlsct3c ccfttfe* m norcwaMom: cxttatcttaa cane 

*«^J^ UM mteiM aay |« t330 3Uykt^M33i 

mdtoc SgrA* source^ u unclear, in that the former object or 
ot>jea3 Powjbly fo»grtnmd sources which an not actually 
i^m th f !^!l-f cemre 5 . The observed flux levels 

from the result, of Biretta u aL> and Forrest «f oL 3 over the 

rgf^J!?** ' <1M5 ^length range 0.7< 

^m A^l^J^ % Z H *-± ^e liave used the conversion 
from AB (defined in rsf. 6) to F 9 (erg cm*" 2 s" 1 Hz' 1 ) given in 

for 0.7 < A <1 Ojun data. In addition to the^lignmem in 

tlfT* ?L^J^ € * 01 0hi "* A (lb0 ICCD2; reft 
7, 8) and the object designated IRS16NW by Forrest et al\ we 



note that then is spectral-flux continuity «j well, before convc* 
tions for recreating axe applied. The dii*ciip«aJ mKgrim^^ *>tthin 
arcs and spectral-ilux continuity lead us to conclude that 
object A and IRS16NW are the same object We adopt this 
cxMdusion, but we do not assume that this infrared source has 
any relationship to SgrA* (see also ref. 9). 

The difficulty of inteiTming the 0.7-5 tun observations of the 
uuwwd point source (object A+IRS 16NW) arises in attempt- 
ing to corm the observed flux levels as a function of frequency 
for extixiction and reddenins due to interveniiig dust There are 
two initial possibilities to be investigated: the infrared source 
***, I6WW * ta • fof tgrouiid star 5 , or it may lie in the 
ylcJoky of the galactic centre. We illustrate various possible 
intrinsic spectral-flux distributions of the inftared point source 
m Fig. l 9 which result from applying a standard extinction law 
as a Amotion of wavelength for assumed V-band extincriotu 
(A -0J5 |tm), A v - 10, 20 and 30 mag. We have adopted the 
extiactKm curve of Beckfin et ol 10 plus van de Hulst no. 15 
(ref. 11) in these correctiona. The values of A v represent the 
range of visual extinction that might be expected for a fore- 
ground star in the <firection of the galactic centre, up to those 
values expected for sources in the galactic cet3tra(A v « 30 nmg; 
ref 12). 

The extinction corrections shown in Fig. 1 illustrate the 
oofficulty of interpret^ the infrared point souree obecrvations 
over the entire 0.7<A< 3.5 ^un spectral interval. Spectral distri- 
butions resulting from the corrections for A v *20 and 30mag 
«» exceedingly steep between 0.7 and 1.0 tun. We agree with 
Biretta et aL' that there seems to be no natural physical explana- 
tion for sue* a steep spectrum at these wavdengths. It is this 
result that led Biretta ts oL 5 to suggest that their object A is a 
foreground star. 

TOe recent results of Forrest er aL\ however, complicate the 
interpretation of the infrared point source as a simple* early-type 
star. Our de-reddening calculations for A*~ 10 mag show that 
Oris star would have a targe infrared excess at wavelengths 
beyond A *» I fin, presumably attributed to a circumstellar dust 
shell. TWs would be the natural interpretation of observations 
anch as those shown in Fig. 1 (tee rsf. 13 and rets therein). We 
can determine, approximately, the nature of the hypothesized 



